The first linear global electromagnetic gyrokinetic particle simulation on the excitation of toroidicity induced Alfven eigenmode (TAE) by energetic particles is reported.
the ion cyclotron frequency for time, and the electron temperature for the electrostatic potential, and the magnetic field strength at the magnetic axis, B 0 . The set of the equations are the electron continuity equation
(δn e is the fluid electron density and δu e is parallel electron velocity), the inverse of Faraday's law
(A is the vector potential, Φ is the electrostatic potential, and Φ ef f is the effective potential representing the total parallel electric field), the gyrokinetic Poisson equation 13 Φ −Φ =δ n α − δn e (3) (δ n α is the gyro-averaged energetic particle density,Φ is the second gyrophase averaged electrostatic potential 13 ) the lowest order adiabatic relation
and the inverse of Ampere's law δu e = β 
The parallel velocity of the energetic particles is given by δu α . Figure 1 shows the shear Alfven wave frequency as a function of the radial coordinate r (a is the minor radius), which is equivalent to Fig.1 of Ref.
3. Due to the 1/R variation of the toroidal magnetic field (R is the major radius), the cylindrical Alfven continuum (dashed lines) breaks up and the frequency gap (or the frequency forbidden band) appears within the range of 0.299 < ω/ω A < 0.389. Here, ω A is the Alfven frequency at the magnetic axis.
Equations (1)- (5) The simulation is conducted by an electromagnetic extension 4 of the GTC code 16-18 with a non-iterative field solver. 19, 20 With the additional energetic particle drive, the TAE mode is excited. A linear eigenmode (contour plot) of the TAE instability is shown in Fig.2 . Note that the contour plots are not up-down symmetric due to the finite poloidal shear flow.
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The frequency spectrum of the TAE instability is shown in Fig.3 . The TAE frequency of the minor radius while 7.5% in Fig.4 ). We see a monotonic increase in the growth rate as the energetic particle population increase (and thus the effective beta value of the energetic particles, β α increases; at β e = 0.01, a simple estimate will give β α = 4πn α T α /B 2 0 ∼ r α . Here T α is the energetic particle temperature). On the other hand, the real frequency of the mode decreases (approximately 15% of a reduction in the real frequency) as r α (or β α ) increases and crosses the lower gap boundary 23 (but not the upper gap boundary) which is suggested by the analysis in Ref. 24 (Resonant TAE, which emphasizes the resonance between the mode frequency and the magnetic drift frequency of the energetic particles). 24 As a reference, the energetic particle mode (EPM) 25 refers to a heating of the continuum based on the notion that the energetic particle drive exceeds the continuum damping and predicts the appearance of the mode frequency both in the upper and the lower continuum. The square plots in Fig.4 represents the analysis of the TAE growth rate in a large aspect ratio tokamak from Ref.3 (the simulation results and the analysis compare favorably at higher β α ).
We note that instability growth was already minimal at r α = 0.025 (with the specific simulation parameters we employed in Fig.4) , and we did not survey below r α < 0.025 in this work. The TAE mode in its nature should not have an instability threshold. The latter onset feature needs to be investigated in detail to see the limitation of the initial value approach (if any). We also would like to remind that a simplified model Eqs. (1)- (5) is employed in this letter (so as to primary focus on the excitation of TAE by the additional energetic particles). 4 The radial extension of the simulation domain is limited to 0.1 < r/a < 0.9 (see Fig.2 ). An inclusion of the magnetic axis can be crucial to describe the long wavelength global modes precisely.
In summary, the first linear excitation of the low-n TAE modes by the energetic particles in a global gyrokinetic particle simulation is reported. 26 The work did not employ MHD model (through closure relations). With a completion of the current global gyrokinetic simulation method, one can investigate the onset and the saturation mechanism of the TAE modes simultaneously without any restrictions on the wavelength of the modes. Apparently, the advantage of initial value approach is its application for nonlinear simulation. We plan to report the analysis of energetic particles driven high-n Alfvenic modes separately. Whether which mode numbers are most unstable is a great interest to large tokamak burning plasma experiments. 
